Regulatory control of the amidotransferase domain of carbamoyl phosphate synthetase.
Carbamoyl phosphate synthetase catalyzes the hydrolysis of glutamine by the nucleophilic attack of an active site cysteine residue through a mechanism that requires the formation of a gamma-glutamyl thioester intermediate. The steady-state mole fraction of the thioester intermediate was determined to be 0.23 in the presence and absence of ATP and bicarbonate. The kinetics of formation and hydrolysis of the gamma-glutamyl thioester intermediate during CPS catalyzed hydrolysis of glutamine were determined. When ATP and bicarbonate are added to CPS and glutamine, the kcat for glutamine hydrolysis increases from 0.17 to 150 min-1. The observed rate constant for thioester intermediate formation increases from 18 to 580 min-1, and the microscopic rate constant for hydrolysis of the intermediate increases from 0.15 to 460 min-1. These results demonstrate the kinetic competence of the thioester intermediate during glutamine hydrolysis. The rate-determining step changes from the hydrolysis of the intermediate when ATP and bicarbonate are absent to the formation of the intermediate upon the addition of ATP and bicarbonate. The 3 order of magnitude increase in the rate of glutamine hydrolysis upon the addition of ATP and bicarbonate is indicative of the allosteric communication between two of the three reaction centers of CPS. These sites are physically separated by approximately 45 A.